Vaginal cuff dehiscence (VCD) after hysterectomy is an adverse event with potential severe morbidity. Although the data are limited, minimally invasive approaches to hysterectomy, such as total laparoscopic hysterectomy (TLH), may be associated with a higher risk of vaginal cuff dehiscence. The cause for these dehiscences is unknown, and multiple factors may be involved. Internationally, the etiology of VCD is still a matter of concern. Either in its technique (TLH) as in the used technology (electrosurgical colpotomy and/or suturing method), an explanation could be found for the higher incidence of VCD.
INTRODUCTION
Vaginal cuff dehiscence (VCD) after hysterectomy is an adverse event with potential severe morbidity.
VCD had complicated gynecologic surgery long before the advent of laparoscopic approach to hysterectomy. In older reviews of vaginal evisceration, most cases that were reported in the literature had occurred after vaginal hysterectomy (63%). 1 However, the distribution of reported cases has changed significantly over the past 5 years. 2 The reported incidence of VCD following hysterectomy is, nowadays, approximately 0.24%. [3] [4] [5] In a large case series, there were 28 cases of VCD among 11,606 patients (0.24%) who underwent total hysterectomy. 5 The incidence of VCD after any type of pelvic surgery is 0.03% and varies by surgical approach. 6 However, the true incidence of VCD after hysterectomy is unknown since: 1. The complication is likely under-reported. 2. Patients with cuff dehiscences may present to a different physician or hospital than for the initial hysterectomy, making data collection difficult and 3. Case reports of VCD generally do not include for comparison in the number of hysterectomies that were not associated with this complication. 7 
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Despite the difficulty just described, it is reported that the incidence of VCD after total laparoscopic hysterectomy (TLH) varies between 0.3 and 3.1%. [3] [4] [5] [6] [7] [8] [9] [10] 5, 12 In several studies, the vaginal route suturing of vault approach, in the total laparoscopic hysterectomy, is described to reduce the incidence of VCD (0.18%). 10 However, other parameters must be considered are as follows: 1. In TLH, vaginal vault closure by laparoscopic route requires statistically significant less time for completion as compared to vaginal route. 2. Postoperative complications, like vault infection and pain, are suggested to be significantly lower in the laparoscopic route as compared to vaginal route suturing for vault closure. 3. The mean postoperative vaginal length was significantly more in the laparoscopic closure than in the vaginal route suturing of vault approach. 12 Given the fact that transvaginal closure can not always be accomplished in all women, alternatives to this suturing method should be studied. Since, the continuous increment in the number of hysterectomies performed laparoscopically, the etiology of VCD and explanations for its association with TLH have been subjected to research. Patient characteristics, such as smoking, diabetes, advanced age, radiation therapy and chronic steroid administration, next to precipitating factors, such as sexual intercourse, postoperative cuff infection and/ or hematoma and increased abdominal pressure (e.g. coughing, vomiting and straining at toilet) have been addressed with regard to their association with VCD. [4] [5] [6] 13 Nevertheless, none of these factors are unique for TLH.
Because studies have pointed to the possibility of increased risk of dehiscence with minimally invasive techniques, some potential differences in surgical technique that could contribute to this problem have been studied. 3, 7 Different from total vaginal hysterectomy and total abdominal hysterectomy for TLHs: 1. Use of energy sources to make the vaginal colpotomy may result in tissue destruction beyond the incision, potentially increasing tissue necrosis and leading to poor healing of the vaginal cuff compared with a sharp colpotomy that is made using a scalpel or scissors. Different electrosurgical instruments (e.g. bipolar and monopolar devices) or ultrasonic devices produce varying amounts of tissue destruction. 2. Laparoscopic magnification of the surgical field may distort the view and cause the surgeon to place sutures too close to the vaginal cuff edge (<1 cm) or not achieve full thickness closure. 3. Laparoscopic suturing to close the vaginal cuff requires advanced training to achieve secure knots via extracorporeal or intracorporeal techniques. Inappropriate use of the laparoscopic knot pusher or poor intracorporeal knot tying technique may compromise suture integrity.
Recently, several studies compared the influence of various vaginal vault closure techniques on the incidence of VCD after TLH. Internationally, the etiology of VCD is still a matter of concern. Either in its technique (TLH) as in the used technology (electrosurgical colpotomy and/or suturing method), an explanation could be found for the higher incidence of VCD. 13 Preventive measures to minimize the risk of VCD after hysterectomy are uncertain since the causes are not well-established. 7 This study aims to review laparoscopic surgical tecnhiques in the minimal invasive hysterectomy and its association with VCD.
A literature review was performed using PubMed, Medscape reference, HighWire Press and Up-to-date. The search was conducted using the keywords 'laparoscopic vaginal vault dehiscence', 'laparoscopic vaginal cuff closure techniques', 'vaginal cuff laparoscopic suture methods' and 'electrosurgery laparoscopic hysterectomy'.
Fifty-eight citations were found. Among these studies, a second selection of articles was performed according the purpose of this review. The selected papers were also screened for further references. At the end of the process, 29 articles were reviewed.
LAPAROSCOPIC SUTURING METHODS

Interrupted vs Running Sutures with Knot
Although techniques for suturing of the vaginal cuff have changed rapidly over the past years, only one prospective study on this subject has been published. 14 This study compared laparoscopic closure with interrupted and running sutures, however, with a double-layer suturing method and with an extracorporeal knotting technique. The study revealed no statistically significant difference between the two suture methods (incidence of VCD: 1.2%). Several methods are described for laparoscopic intraabdominal cuff closure. Interrupted or continuous sutures may be tied intracorporeally with a needle driver and grasper or extracorporeally with a knot pusher.
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TEM Clips
Another method already adopted, off label, in the vaginal cuff closure, is a suturing technique commonly used in transanal endoscopic microsurgery (TEM).
In this technique, a regular Vicryl no. 0 with a suture staple placed at the distal end of the wire is sutured from the right to the left angle of the vaginal cuff, after which another suture staple is placed at the proximal end to secure the suture (suture clip forceps for TEM, Richard Wolf GmbH, Knittlingen, Germany). In all suturing methods, both uterosacral ligaments are incorporated in the repair, and the peritoneum is unclosed.
This way, cuff closure using a running vicryl suture with TEM clips, is a newly appointed alternative to other suturing techniques currently in use. Although it is an easy method to adopt, based on data, no statistical superiority of this suturing procedure could be proven.
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Barbed Suture
Barbed suture is a relatively recent concept in gynecologic surgery. The Quill SRS bidirectional barbed suture (Angiotech Pharmaceuticals, Inc Vancouver BC, Canada) was FDA approved for soft tissue approximation in 2004 16 and has been commercially available in the United States since 2007.
Bidirectional barbed sutures are created by cutting barbs into the suture with the barbs facing in an opposite direction to the needle. The barbs change direction at the midpoint of the suture 17 ( Fig. 1 ) and needles are swaged onto both ends of the suture. Due to its decreased effective diameter, the straight-pull tensile strength of barbed suture is rated one suture size greater than smooth suture (e.g. A 0 barbed suture equals a 2-0 smooth suture). The anchoring of bidirectional barbed suture resists migration and can be conceptualized as a 'continuous interrupted' suture without knots and has been shown to have at least equal tissue holding performance as comparable knot anchored suture has. 18, 19 This offers several advantages.
Since, bidirectional barbed sutures self anchor and are balanced by the countervailing barbs, no knots are required. Furthermore, barbed suture self anchors at every 1 mm of tissue, yielding more consistent wound opposition. Finally, knotless barbed suture can securely reapproximate tissues with less time, cost and aggravation.
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Vaginal Cuff Dehiscence after Minimal Invasive Hysterectomy: Laparoscopic Surgical Techniques
The safety and effectiveness of barded sutures, in closure of the vaginal cuff, has already been demonstrated in two studies. 16, 22 However, one was noncomparative and, in the other, a more time-consuming double-layer suturing method was used. In both, the use of this suture reduced the incidence of the VCD. Furthermore, the barbed suture proved to be relatively easy to learn dehiscence while not increasing the rate of postoperative bleeding, cuff cellulitis or granulation tissue. Some concern is expressed regarding adhesion formation of the intestine to the tail of the barbed suture, which in turn potentially could cause bowel obstruction.
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Suture Material
Several studies did address the type and class of suture material as a possible cause for VCD. However, there is neither data demonstrating evidence nor consensus on the preferred suture material, concerning monofilament vs multifilament and delayed absorbability of the thread.
According to the data, there is no superiority of one of the suturing method over the others.
ELECTROSURGERY
Some authors state that electrosurgical colpotomy, often used in TLH, is responsible for suboptimal vaginal cuff healing, due to tissue necrosis and prolonged devascularization. 14, [25] [26] [27] Colpotomy technique may account for the observed increased risk of VCD associated with TLH as compared with TVH and TAH. In the latter procedures, the colpotomy is often made sharply using heavy scissors or a knife. However, during TLH, the colpotomy is often made using electrosurgery, which may yield thermal damage at the cuff site, weakening the tissue and increasing the risk of dehiscence. 8 It is known that monopolar energy in the coagulation mode, is frequently used, for the colpotomy in THL. Coagulation mode is an interrupted, high-voltage current dispersed over a large surface area, while cutting mode is a continuous, low-voltage current concentrating the energy in a small area, resulting in more rapid tissue heating and less thermal spread. Coagulation mode may result in more tissue damage, although is better at sealing vessels in vascular areas like the vaginal cuff. 8 A recent study, conducted in swines, analyzed energyinduced damage (ultrasonic, monopolar and bipolar), to the vagina during laparoscopic hysterectomy, using the distal scalpel-cut margin was used as reference. All energy sources demonstrated tissue damage, with ultrasonic showing the least and bipolar the greatest. 27 Further study of tissue damage relative to cuff closure at laparoscopic hysterectomy is warranted, as also its possible association with vaginal dehiscence.
CONCLUSION
VCD is a potentially severe adverse event and is still a matter of concern to those who perform minimal invasive hysterectomy. Its exact etiology remains unclear.
Data on additional risk factors for cuff dehiscence are limited and conflicting. 2 Although one study reported no difference in age, tobacco use or diabetes mellitus between women with and without cuff dehiscence, it likely was underpowered to detect a clinically meaningful difference. 28 Although it seems biologically plausible that any condition that could compromise wound healing would increase the risk of VCD, the data on such risk factors are sparse. The inconsistency of the reporting of risk factors in studies and case reports, the rarity of the VCD, and the lack of comparison of risk factors between women with and without dehiscence in most retrospective studies makes it impossible to assess the significance of each of these potential risk factors. Some questions remain are as follows: 1. If in the abdominal hysterectomy, VCD is not increased in patients who had an unclosed cuff closure technique, why would be the suture method, the cause of this complication in the laparoscopic procedure? 2. If electrosurgical colpotomy, overused in laparoscopic hysterectomy, is the cause of damage and wound healing complications, why these exist a superiority of transvaginal closure compared with laparoscopic closure (concerning VCD), in the same electrosurgical damaged tissues? Vaginal vault dehiscence is a rare complication after hysterectomy, but more common after a laparoscopic approach. The relationship between cuff dehiscence and mode of hysterectomy would be assessed best by a very large randomized controlled trial (RCT) study design. In fact, much of what is known about VCD comes from case reports and case series, which makes it difficult to truly assess possible risk factors and whether these risk factors differ by type of surgical procedure, mode of hysterectomy, etc. It is unknown whether variations in the surgical management of the vaginal cuff influence the risk of dehiscence.
Despite of this, techniques specific to TLH are pointed to be the main factor of the increased risk of vaginal vault dehiscence seen after laparoscopic hysterectomy.
More research is necessary to identify modifiable risk factors for VCD and methods for its prevention.
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